Dimeric structure of human Na+/H+ exchanger isoform 1 overproduced in Saccharomyces cerevisiae.
The Na(+)/H(+) exchanger isoform 1 (NHE1) is an integral membrane protein that regulates intracellular pH by extruding an intracellular H(+) in exchange for one extracellular Na(+). The human NHE1 isoform is involved in heart disease and cell growth and proliferation. Although details of NHE1 regulation and transport are being revealed, there is little information available on the structure of the intact protein. In this report, we demonstrate overexpression, purification, and characterization of the human NHE1 (hNHE1) protein in Saccharomyces cerevisiae. Overproduction of the His-tagged protein followed by purification via nickel-nitrilotriacetic acid-agarose chromatography yielded 0.2 mg of pure protein/liter of cell culture. Reconstitution of hNHE1 in proteoliposomes demonstrated that the protein was active and responsive to an NHE1-specific inhibitor. Circular dichroism spectroscopy of purified hNHE1 revealed that the protein contains 41% alpha-helix, 23% beta-sheet, and 36% random coil. Size exclusion chromatography indicated that the protein-detergent micelle was in excess of 200 kDa, consistent with an hNHE1 dimer. Electron microscopy and single particle reconstruction of negatively stained hNHE1 confirmed that the protein was a dimer, with a compact globular domain assigned to the transmembrane region and an apical ridge assigned to the cytoplasmic domain. The transmembrane domain of the hNHE1 reconstruction was clearly dimeric, where each monomer had a size and shape consistent with the predicted 12 membrane-spanning segments for hNHE1.